3 P, papain; PL, papain-like enzyme; QPH, quinoa protein hydrolysate; QPH-P, QPH obtained with 48 P; QPH-PL, QPH obtained with the PL; QPI, quinoa protein isolates; RP-HPLC, reverse-phase 49 high-performance liquid chromatography; RuBisCo, ribulose-1,5-bisphosphate 50 carboxylase/oxygenase; SD, standard deviation; SDS-PAGE, sodium dodecyl sulphate 51 polyacrylamide gel electrophoresis; TFA, trifluoroacetic acid; TCA, trichloroacetic acid; T.E., 52 Trolox equivalent; TNBS, 2,4,6-trinitrobenzenesulfonic acid; TRIS, 53 7 dried (FreeZone 18L, Labconco, Kansas City, MO, USA) and stored at -20°C until utilisation. 131
The protein content of the QPI was determined with the bicinchoninic acid (BCA) method using 132 a micro BCA protein assay kit (Thermo Scientific, Rockford, IL, USA). Absorbance at 562 nm 133 was determined using a plate reader (Biotek Synergy HT, Winoosky, VT, USA) controlled by 134
Gen 5 software (Biotek) and protein content was estimated by reference to a standard curve with 135 bovine serum albumin (BSA) in the range of 25-2,000 µg mL -1 . All samples were analysed in 136 triplicate. The extraction yield (equation 1) and purity ( 
Determination of the general proteinase activity of the enzyme preparations using the 141 azocasein assay 142
The azocasein assay was used to determine the general proteolytic activity as described by 143
Kilcawley et al. (2002) . Briefly, the enzyme preparations were diluted at 1 g L -1 in 50 mM 144 phosphate buffer, pH 7.0. A volume of 100 µL of the enzyme solution was incubated at 37C for 145 30 min with 1 mL of a 0.5% (w/v) azocasein solution in the phosphate buffer. The reaction was 146 terminated by the addition of 100 µL of 2 M TCA. The samples were then centrifuged at 21,255 147 g for 5 min (Hettich Universal 320R, Hettich, Tuttlingen, Germany). The supernatant (750 µL) 148 was mixed with 250 µL of 0.5 M NaOH and the absorbance was determined at 440 nm (UV mini 149 1240 spectrophotometer, Shimadzu, Kyoto, Japan). 150
Enzymatic hydrolysis of the QPI 151
Hydrolysis was carried out essentially as described by Nongonierma and FitzGerald (2015) , with 152 modifications. The QPI was resuspended in distilled water at 25 g L -1 on a protein basis, adjusted 153 to pH 7.0 with 0.5 M NaOH and allowed to hydrate for 30 min at 50C. Two different enzyme8 preparations were used to hydrolyse the QPI, they consisted of a food-grade proteolytic 155 preparation from Carica papaya latex (papain, P) and a microbial-derived alternative to papain 156 (papain-like, PL) both preparations obtained from Biocatalysts (Cefn Coed, Wales, UK). The 157 enzyme was added at 2% (v/w) enzyme:substrate (E:S) ratio and hydrolysis was performed at 158 50°C for 180 min. A control sample (QPI control), without enzyme, was maintained in the same 159 conditions as the reaction sample. The enzymes were heat inactivated in a water bath at 90C for 160 20 min or 100°C for 40 min for PL and P, respectively. The hydrolysates generated with the 161 papain (QPH-P) and with the papain-like enzyme (QPH-PL) were freeze-dried and stored at -162 20°C prior to further analysis. Each hydrolysis reaction was carried out in triplicate (n = 3). 163
Dipeptidyl peptidase IV (DPP-IV) inhibition assay 164
The protein hydrolysates were dispersed in HPLC water at concentrations ranging from 25.5 × 165
10
-3 to 2.0 mg mL -1 (final concentration in protein equivalents). The DPP-IV inhibition assay was 166 The samples' antioxidant capacity was determined using the ORAC assay as per Zulueta et al.
9
(2009), with some modifications. Briefly, the samples were dissolved at 0.02 and 0.03 mg protein 180 With AN 1 , the amino group content of the unhydrolysed protein isolate (mg N g -1 protein) and 194 AN 2 , the amino group content of hydrolysed proteins (mg N g -1 protein equivalents). 195
Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) 196
The QPI and QPH samples were analysed using SDS-PAGE. Mini-PROTEAN TGX precast gels 197 
Statistical analysis 223
Results are presented as the mean of triplicate (n = 3) determinations ± SD. They were compared 224 using R ® software 3.1.0 package (R Foundation for Statistical Computing, Vienna, Austria) and 225 significant differences were verified by ANOVA for means comparison, followed by a post-hoc 226
Tukey's test at a significance level P < 0.05. 227 11 The protein profile of the QPI was determined by SDS-PAGE in reducing conditions (Fig. 1A) . 244 Different protein bands were found ranging from < 6.5 to ~ 100 kDa. This is in agreement with 245 previous studies which detected bands ranging from between 8. 
Results and Discussion

Physicochemical characteristics of the QPI and QPHs 256
The concentration of free amino groups in the QPI control was higher (P < 0.05) than that of the 257 non-heated QPI sample (Table 1) . Similar SDS-PAGE profiles were observed for the QPI and 258 QPI control (Fig. 1A) , although the QPI control profile displayed bands of lower intensity. The 259 QPI control also had different characteristics compared to the QPI, notably in terms of peptide 260 profile ( Fig. 2A ) and molecular mass distribution (Fig. 2B) . Within the first 30 min of the ACN 261 gradient, more intense peptides peaks were seen in the QPI control as compared to the QPI (Fig.  262   2A ). Peaks seen in the QPI control profile eluted at similar retention times as those found within 263 the QPHs. The proportion of material > 10 kDa decreased from 61 to 34% in the QPI vs. QPI 264 control. This resulted in an increase in components < 1 kDa from 20 to 38% in the QPI vs. QPI 265 control (Fig. 2B) . These results showed that a significant level of protein hydrolysis occurred 266 when the QPI was incubated at 50C for 180 min (QPI control). It has previously been reported 267 that quinoa grains contain various proteinases (cysteine, aspartic, serine and metallo-proteases), 268 which are active between pH 3.0-6.5. It was shown that these proteinases were responsible for 269 quinoa protein breakdown after 24 h incubation (Mäkinen et al., 2014). These results are 270 consistent with the degradation of quinoa proteins seen in the QPI control (Table 1, Fig. 1 and 271 Fig. 2 ). The azocasein assay was used to measure the endogenous proteolytic activity of the QPI 272 after the 180 min incubation at 50C, however, no activity was found (data not shown). This may 273 be related to the lack of sensitivity of the azocasein test. 274
The hydrolysates had a significantly higher concentration of free amino groups than that of the 275 QPI and the QPI control (P < 0.05, Table 1 ). This indicated that quinoa proteins were further 276 hydrolysed as a consequence of the hydrolytic activity of the enzyme preparations. There was no 277 significant difference (P > 0.05) in the free amino group concentration for the QPH-P and QPH-278 13 PL (7.95 ± 0.70 and 8.55 ± 0.88 mg N g -1 , respectively). Protein hydrolysis in QPH-P and QPH-279 PL was also seen on the SDS-PAGE profiles (Fig. 1B) . The bands corresponding to the intact 280 proteins were fainter for the hydrolysate profiles as compared to that of the QPI. In addition, 281 QPH-P presented fainter bands between 20-24 kDa and a longer smear in the low molecular mass 282 range than QPH-PL (Fig. 1B) . Protein breakdown in the QPHs was further confirmed by the 283 molecular mass distribution profile of these samples, showing a reduction in the higher molecular 284 mass (> 10 kDa) components in both QPH-P and QPH-PL (Fig. 2B) as compared to QPI. The 285 peptide profiles for both hydrolysates were very similar even though they were generated with 286 two different enzyme preparations. Interestingly, both preparations differed in their proteolytic 287 activity, which was reflected by significant differences (P < 0.05) in the azocasein activity of 288 0.076  0.004 and 0.403  0.005 Abs mg -1 protein min -1 for P and PL, respectively. However, the 289 RP-HPLC of the hydrolysates indicated that both enzyme preparations yielded hydrolysates 290 which had a similar peptide profile ( Fig. 2A) . 291
DPP-IV inhibitory and ORAC activity of the QPI and QPHs 292
The IC 50 values for QPH-P and QPH-PL were significantly lower (P < 0.05) than that of the QPI 293 control. In addition, no significant difference was seen between the two hydrolysates. The QPH-P 294 had an IC 50 value of 0.88 ± 0.05 mg mL hydrolysates described in previous studies ranged from 0.09 to 26.4 ± 2.3 mg mL -1 , for example, 303 for a simulated gastrointestinal digest of navy beans and a rice protein hydrolysate generated with 304 14 Bioprase SP, respectively (Hatanaka et al., 2012; Mojica et al., 2015) . 305
The antioxidant capacity of the samples obtained using the ORAC assay is summarised in Table  306 1. The antioxidant capacity of the QPHs was significantly higher (P < 0.05) than that of the QPI 307 knowledge, only one other study has shown that quinoa protein hydrolysates contain antioxidant 313 peptides which are able to scavenge radical species (Aluko and Monu, 2003) . In contrast with the 314 study from Aluko and Monu (2003) , where the radical scavenging was seen only after 315 fractionation by ultrafiltration, the unfractionated QPH's herein had antioxidant activity. 316
However, different antioxidant assays (2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging vs. 317 ORAC activity) and enzyme preparations (Alcalase vs. P and PL) have been employed in both 318 studies and therefore the results cannot be directly compared. It has been shown that quinoa 319 peptides with a lower molecular mass had a higher DPPH radical scavenging activity than those 320 with a higher molecular mass (Aluko and Monu, 2003) . This result is in agreement with our study 321
showing that the QPHs which had a higher content of lower molecular mass components than the 322 QPI control also had a higher ORAC capacity. 323
The identity of the peptides within the QPHs which are responsible for both the DPP-IV 324 inhibitory and the ORAC activity were not investigated herein. for dipeptidyl peptidase IV (DPP-IV) and oxygen radical absorbance capacity (ORAC) of the quinoa protein isolates after 180 min incubation at 50C and heat treatment (QPI control) and of the QPI hydrolysed with papain (QPH-P) and the papain-like enzyme (QPH-PL). All values are expressed in protein equivalents. Values represent the mean ± SD of three replicates (n = 3). For each assay, values with different superscript letters are significantly different (P < 0.05). 
